A novel Gram-stain-negative, strictly aerobic, non-motile, rod-shaped, capsule-forming bacterium, designated strain YLT33
T
. The major fatty acids (>5 %) were C 17 : 1 !6c (40.7 %), C 15 : 0 (10.4 %), C 15 : 1 !6c (9.4 %), summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH; 8.6 %), C 17 : 1 !8c (7.1 %), C 18 : 1 !7c (6.1 %), and C 15 : 0 2-OH (5.7 %). Ubiquinone-10 was the sole respiratory quinone. The polar lipids of strain YLT33 T contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, sphingoglycolipid, two unknown glycolipids and one unknown phospholipid. Carotenoids were present in cells. Homospermidine was the major polyamine. In addition, strain YLT33
T showed obvious differences from the closely related strain S. polygranulatus MC 3718 T with respect to major polar lipids, fatty acids and other morphological, physiological and biochemical characteristics. These results from polyphasic taxonomic studies reveal that strain YLT33 T represents a novel species of the genus Sphingoaurantiacus, for which the name The genus Sphingoaurantiacus was established by Kim et al. (2016) to incorporate a bacterial strain that formed orangepigmented colonies isolated from a high-arctic tundra soil near Ny-Ålesund, Svalbard archipelago, Norway (78 N). Classification was based on morphological, physiological, biochemical and chemotaxonomic differences to closely related members of the genera Sphingosinicella (Maruyama et al., 2006) , Hephaestia (Felföldi et al., 2014) , Sphingomonas (Yabuuchi et al., 1990) , Rhizorhabdus (Francis et al., 2014) , Polymorphobacter (Fukuda et al., 2014) and Sandarakinorhabdus (Gich & Overmann, 2006) . Taxonomically, Sphingoaurantiacus belongs to the phylum Proteobacteria, class Alphaproteobacteria, order Sphingomonadales and family Sphingomonadaceae. At the time of writing, only one species (Sphingoaurantiacus polygranulatus) with a validly published name has been proposed to belong to the genus Sphingoaurantiacus. This member of the genus Sphingoaurantiacus is Gram-staining-negative, aerobic and rod-shaped. The major respiratory quinone and polyamine are Q-10 and homospermidine, respectively. Carotenoid pigment is present. In this study, we propose that strain YLT33
T represents a novel species of the genus Sphingoaurantiacus, based on the results of a polyphasic characterization.
Soil samples were collected from a mountain cliff located in Enshi Grand Canyon, southwest China (30 24¢ 40 † N, 109 12¢ 4 † E). Soil (10 g) was added to 100 ml 0.85 % (w/v) NaCl solution and shaken at 28 C for 1 h. Then, the mixed solution was serially diluted and an aliquot was spread on 1/ 10 tryptic soy broth (TSB) agar plates. A bacterium isolate, For 16S rRNA gene sequencing and phylogenetic analysis, genomic DNA was extracted from strain YLT33 T . A nearly full-length 16S rRNA gene sequence was amplified using the 16S rRNA gene universal primers, 27F and 1492R, as described by Fan et al. (2008) , and the accurate sequence of the PCR product was acquired by sequencing after T-A cloning with a pGEM-T Easy vector (Promega). Sequence similarities and pairwise alignments were investigated using NCBI BLAST and the Eztaxon-e server (Kim et al., 2012) . Phylogenetic trees were reconstructed using neighbourjoining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) algorithms in MEGA version 6.0 software (Tamura et al., 2013) after multiple alignments of the data via CLUSTAL X (Larkin et al., 2007) . Distance calculations and bootstrap analysis were performed according to Kimura's two-parameter method (Kimura, 1980) and 1000 resamplings (Felsenstein, 1985) , respectively. The 16S rRNA gene sequence of Escherichia coli ATCC 11775 T (X80725) was used as an outgroup.
The 16S rRNA gene sequence of strain YLT33
T was a continuous stretch of 1409 bp. It showed maximum (99.3 %) 16S rRNA gene sequence similarity with Sphingoaurantiacus polygranulatus MC 3718 T and low similarity ( 94.1 %) with species of other genera within family Sphingomonadaceae. The phylogenetic trees based on neighbor-joining, maximum-likelihood and maximum-parsimony methods showed that strain YLT33
T and Sphingoaurantiacus polygranulatus MC 3718 T formed a monophyletic clade (Figs 1, S1 and S2, available in the online Supplementary Material). Hence, the most closly related strain, Sphingoaurantiacus polygranulatus MC 3718 T (=CCTCC 2014274 T ), which is also the type species of the genus Sphingoaurantiacus, was analyzed with the novel isolate as the reference strain.
The growth of strain YLT33
T was checked on tryptic soy broth (TSB) agar, 1/10 TSB agar and R2A agar plates. For analysis of morphological, physiological and biochemical characteristics, strain YLT33
T and Sphingoaurantiacus polygranulatus MC 3718
T were grown on R2A agar at 28 C for 4 or 5 d, unless otherwise mentioned. Colony morphology was tested on R2A agar plates by the direct observation of single colonies. Cell morphology was examined using TEM (H-7650; Hitachi) and SEM (JCM-6930; JEOL) after cultivation on R2A for 3 days. The Gram stain reaction was tested using a Gram staining kit (Jiancheng Biotech) according to Dussault (1955) and combined with the KOH (3 %) lysis method (Ryu, 1938 ). Growth intensity was tested at 4, 13, 20, 28, 32, 35, 37 and 45 C, at pH 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0, and with NaCl concentrations of 0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 5.0 and 7.0 % (w/v). Anaerobic growth was determined in an anaerobic chamber (produced by Mitsubishi Gas Chemical; <1 % O 2 , 16 % or more CO 2 and N 2 ) after incubation for 2 weeks on R2A agar. Motility tests were performed using R2A with 0.3 % (w/v) agar. Catalase activity was determined by adding drops of 3 % (v/v) H 2 O 2 to a colony and assessed by the formation of bubbles.
Oxidase activity was observed using 1 % (w/v) tetramethyl b-phenylenediamine (bioM erieux). Production of H 2 S was tested according to the method of Dong & Cai (2001) . The pigment was extracted from cell pellets of 4 day-grown cultures using 1 ml acetone/methanol (7 : 2, v/v) (K€ ampfer et al., 2004) . After centrifugation, the supernatant was transferred to a quartz cuvette followed by the recording of absorption spectra between 350 and 800 nm in a UV/Vis spectrophotometer (DU 800; Beckman Coulter). Sensitivity to antibiotics was determined on R2A agar using antibiotic discs (Hangzhou Microbial Reagent). Hydrolysis of gelatin, starch, cellulose, casein, Tween 20 and Tween 80 were studied by the method of Cowan & Steel (1965) . Voges-Proskauer (VP) and methyl red (MR) reactions were determined as described by Smibert & Krieg (1994) . Acid production from carbohydrates was tested using conventional methods (Dong & Cai, 2001; Hugh & Leifson, 1953) . Nitrate and nitrite reduction, production of indole, activities of urease, arginine dihydrolase, glucose acidification, utilization of substrates as sole carbon and energy sources, and other enzyme activities were tested using the API 20NE, API ZYM and API 32GN systems (bioM erieux) according to the manufacturer's instructions.
Strain YLT33
T grew well at 28 C on R2A agar and 1/10 TSB agar, but not on TSB agar. The cells of strain YLT33 T were Gram-stain-negative, strictly aerobic, non-motile, rod-shaped, 0.4-0.6 µm in diameter and 1.1-2.0 µm in length. The cells contained a capsule but were without flagella (Fig. S3 ), and so was evidently different from Sphingoaurantiacus polygranulatus MC 3718 T . Colonies were orange-red, smooth, slightly raised, opaque, circular and 0.5 mm in diameter after incubation on 1/10 TSA or R2A at 28 C for 7 d. They grew at 4-35 C (optimum 28 C), at pH 6.0-10.0 (optimum 7.0) and with 0.0-1.0 % (w/v) NaCl (optimum 0.5 %). The spectra of pigments extracted from cells showed one peak at 455 nm (Fig. S5) 
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Sphingomonas oligoaromativorans SY-6 T (FJ434127) (30 µg), clindamycin (2 µg), erythromycin (15 µg), norfloxacin (10 µg), penicillin (10 µg), furazolidone (15 µg), ceftazidine (30 µg), tetracycline (30 µg), cephalosporin V (30 µg), carbenicillin (100 µg), cefoperazone (30 µg), oxacillin (1 µg) and medemycin (30 µg). Differential features between strain YLT33
T and Sphingoaurantiacus polygranulatus MC 3718 T are given in Table 1 and characteristics of the novel strain are given in the species description.
Cell biomass of strain YLT33
T collected for chemotaxonomic analysis was cultivated using R2A medium at 28 C in a rotary shaker at 150 rpm under aerobic conditions until bacteria reached the late-exponential phase. Cellular fatty acids were extracted and analysed using the Sherlock Microbial Identification System (MIDI Sherlock version 4.5; MIDI database TSBA40 4.10; Kroppenstedt, 1985; Sasser, 1990) . The DNA G+C content of the strain YLT33
T was determined by HPLC according to the method of Tamaoka & Komagata (1984) . DNA-DNA hybridization between strain YLT33 T and Sphingoaurantiacus polygranulatus MC 3718 T was performed using the thermal denaturation and renaturation method of De Ley et al. (1970) . Polyamines were extracted and analysed as described by Busse & Auling (1988) and Busse et al. (1997) . Respiratory quinones were extracted and purified by the method of Collins et al. (1977) and analyzed by HPLC as described by Tamaoke et al. (1983) . Polar lipids were extracted by the method described by Minnikin et al. (1979) and identified by two-dimensional TLC (Collins & Jones, 1980) .
The sole respiratory quinone of strain YLT33
T was Q-10, which was detected at a peak area ratio of 100 %. The major polyamine component was homospermidine. The major cellular fatty acids were C 17 : 1 !6c (40.7 %), C 15 : 0 (10.4 %), C 15 : 1 !6c (9.4 %), summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH; 8.6 %), C 17 : 1 !8c (7.1 %), C 18 : 1 !7c (6.1 %), and C 15 : 0 2-OH (5.7 %) ( Table 2 ). Unlike Sphingoaurantiacus polygranulatus MC 3718 T , strain YLT33
T showed that C 17 : 1 !6c represented the biggest proportion of fatty acid, rather than summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH). More detailed differences in cellular fatty acids between strain YLT33
T and Sphingoaurantiacus polygranulatus MC 3718 T are given in Table 2 . The polar lipids of strain YLT33
T contained diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidylcholine (PC), sphingoglycolipid (SGL), two unknown glycolipids (GL) and one unknown phospholipid (PL) (Fig. S4) . DPG, PG, PE and SGL were common polar lipids also found in Sphingoaurantiacus polygranulatus MC 3718 T , but the presence of PC and two unknown GLs of strain YLT33 T differed to Sphingoaurantiacus polygranulatus MC 3718 T (Table 1) . The DNA G+C content of strain YLT33 T was 68.5 mol%, which is close to that of Sphingoaurantiacus polygranulatus MC 3718 T . However, DNA-DNA hybridization results indicated that strain YLT33
T showed a 50.5 % DNA-DNA relatedness value with Sphingoaurantiacus polygranulatus MC 3718 T (Table S1 ), lower than the threshold value (70 %) recommended for species delineation (Wayne et al., 1987; Logan et al., 2009) . The results indicate that strain YLT33
T represents a novel species of the genus Sphingoaurantiacus.
Based on 16S rRNA gene analysis, the major respiratory quinone, the major polyamine and the DNA G+C content, strain YLT33
T represents a novel species of the genus Sphingoaurantiacus. However, strain YLT33
T could be differentiated from Sphingoaurantiacus polygranulatus MC 3718 T in terms of DNA-DNA relatedness, cell morphology, major cellular fatty acids (Table 2) , major polar lipids (Fig. S4) and some physiological and biochemical characteristics, such as the activities of catalase and oxidase, aerobic nitrate reduction and the hydrolysis of starch (Table 1) . Therefore, we suggest that strain YLT33
T represents a novel species of Emended description of the genus Sphingoaurantiacus Kim et al. 2016 The description is as given by Kim et al. (2016) with the following amendment. Cell motility is variable. The polar lipids include sphingoglycolipid, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylcholine, unknown glycolipid, unknown phospholipid and unknown lipid.
Description of Sphingoaurantiacus capsulatus sp. nov.
Sphingoaurantiacus capsulatus (cap.su.la¢tus. N.L. masc. adj. capsulatus encapsulated).
Cells are 0.4-0.6Â1.1-2.0 µm and have a capsule. Colonies on 1/10 TSA or R2A plates are orange-red, smooth, slightly raised, opaque, circular and 0.5-1.0 mm in diameter after incubation at 28 C for 7 days. Growth occurs on R2A and 1/10 TSA, but not TSA. Growth is at 4-35 C (optimum 28 C), at pH 6.0-10.0 (optimum 7.0) and with 0.0-1.0 % (w/v) NaCl (optimum 0.5 %). Carotenoid pigments are present. Positive for catalase, H 2 S production and the hydrolysis of starch. Negative for oxidase, VP reaction, MR test and the hydrolysis of gelatin, Tween 20, Tween 80, cellulose and casein. The reduction of nitrate to nitrite is observed, but the activity of urease and arginine didydrolase, aerobic nitrite reduction, indole production and glucose fermentation are not (API 20NE). According to API ZYM tests, the activities of alkaline phosphatase, leucine arylamidase, valine arylamidase, naphtol-AS-BI-phosphohydrolase, b-galactosidase and N-acety-glucosaminidase are positive; the activities of esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsase, chymotrypsin, acid phosphatase, a-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and bfucosidase are negative. In API 20NE and API 32GN tests, can assimilate D-glucose, D-mannose, maltose, gluconate, D-ribose and 5-ketogluconate, but not D-mannitol, malic acid, citrate, phenylacetate, L-arabinose, caprate, adipate, rhamnose, N-acetylglucosamine, inositol, sucrose, itaconic acid, suberate, sodium malonate, acetate, lactate, L-alanine, glycogen, 3-hydroxybenzoate, L-serine, salicin, D-melibiose, L-fucose, D-sorbitol, propionate, valerate, L-histidine, potassium 2-ketogluconate, 3-hydroxybutyrate, 4-hydroxybenzoate and L-proline. Positive for acid production from glucose, glycerol, L-arabinose, cellobiose, sucrose, ribose, maltose, fructose, ethanol, galactose, mannose, gluconate and lactose; but negative for acid production from mannitol, sorbitol, L-xylose and sorbose. The sole respiratory quinone is ubiquinone-10. The major cellular fatty acids (>5 %) are C 17 : 1 !6c, C 15 : 0 , C 15 : 1 !6c, summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), C 17 : 1 !8c, C 18 : 1 !7c and C 15 : 0 2-OH. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and sphingoglycolipid, two unknown glycolipids and one unknown phospholipid. Homospermidine is the major polyamine component.
The type strain, YLT33
T (=CCTCC AB 2015150 T =KCTC 42644 T ), was isolated from mountain cliff soil from Enshi Grand Canyon, southwest China. The DNA G+C content of the type strain is 68.5 mol%. *Summed features are groups of two or more fatty acids that cannot be separated by GC with the MIDI system. Summed feature 3 contains C 16 : 1 !7c and/or iso-C 15 : 0 2-OH.
